Objective. Psoriatic arthritis (PsA) is a chronic inflammatory skeletal disease associated with health concerns such as obesity, Type II diabetes, dyslipidemia, hypertension (HTN), and cardiovascular (CV) disease. The involvement of these metabolic factors in the pathogenesis, severity, and progression of PsA remains unclear. In our study, we compared comorbidities associated with PsA to those patients with related but non-PsA forms of spondyloarthritis (SpA). Methods. The SpA database at the Rheumatology Department of University Hospitals Leuven was analyzed in a cross-sectional manner using the demographic, medical, and laboratory information of 518 patients with PsA and non-PsA SpA. The patients were grouped by their diagnosis and evaluated on the basis of sex, age, education, work status, disease duration, treatment, and type and number of comorbidities. The data were assessed using the chi-square test, Student t test, Fisher's exact test, and logistic regression, including correction for multiple testing. Results. Out of the 518 patients (62.74% men, 37.25% women), 53.66% had comorbidities. The PsA group had 262 patients (mean age 58.8 yrs) and the non-PsA SpA group had 256 patients (mean age 44.9 yrs, p < 0.001). The PsA group was found to have more and multiple comorbidities compared with non-PsA SpA (p < 0.001). The CV and metabolic comorbidities were also significantly higher in the PsA group (p < 0.001). Coronary artery disease, HTN, hyperlipidemia, and metabolic syndrome showed a marked difference between the 2 groups (p < 0.05). An increased incidence of malignancy was found in PsA group (p < 0.05). Conclusion. Comorbidities and malignancies are increased in patients with PsA compared with non-PsA SpA, irrespective of demographic factors and type of treatment. (First Release December 15
The psoriatic disease concept includes psoriasis (PsO) and psoriatic arthritis (PsA) 1 . PsO is a chronic relapsing inflammatory skin disease characterized by the presence of scaling lesions, typically localized on the extensor surfaces and the trunk 2 . PsA is a chronic inflammatory skeletal disease associated with PsO 3, 4 . PsA has heterogeneous clinical manifestations with some forms clearly linked to the spondyloarthritis (SpA) concept. A strong relationship of PsA with SpA is clearly supported by shared clinical, genetic, and radiographic characteristics, although the question of whether all subtypes of PsA and in particular the polyarticular and severely joint destructive forms should be considered as SpA is still being debated 5 . The SpA concept itself groups different diagnostic entities and also includes axial SpA [ankylosing spondylitis (AS) and nonradiographic forms], reactive arthritis, arthritis associated with inflammatory bowel disease (IBD), and juvenile and undifferentiated SpA 6 .
The prevalence of psoriatic disease varies geographically. In white populations, PsO is frequent (1-5% of the population) 7 . Although the prevalence of PsA around the globe is suggested to be around 0.02-0.25%, the prevalence among the patients with PsO varies between 6% and 48%, depending on the specific setting of the investigation 4, 8 . Over the last decade, therapeutic options for both skin and joint disease have dramatically improved, thereby allowing efficient control of the primary disease manifestations in a majority of patients. The recent therapeutic progress has of Rheumatology The Journal on March 13, 2020 -Published by www.jrheum.org Downloaded from triggered increasing interest in a holistic approach toward psoriatic disease, with specific attention toward detection and treatment of the comorbidities seen in these patients with chronic disease 9, 10, 11 . Comorbidities with a direct effect on mortality or morbidity may include malignancy and metabolic and cardiovascular diseases (CVD), as well as depression 11, 12, 13, 14 .
CV comorbidities are critically important in this patient population because they may directly contribute to an increased mortality seen in patients with PsO and PsA 12, 13, 14 . An increased prevalence of risk factors for CV and metabolic diseases has been extensively reported in patients with PsA and PsO, and includes the presence of hypertension (HTN), hyperglycemia, obesity, hyperlipidemia, depression, and metabolic syndrome [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . The latter concept describes the presence of abdominal obesity, atherogenic dyslipidemia, HTN, insulin resistance, proinflammatory state, and prothrombotic state 26 . Disease severity might be involved in the development of such comorbidities as shown in the National Psoriasis Foundation Surveys 2001-2003, in which patients with severe skin disease were at an increased risk of PsA, diabetes, and CVD compared with those having mild to moderate PsO 21 . However, metabolic syndrome was equally associated with both mild and severe cases in PsO, with only a minor effect of the disease duration and therefore the longterm effect of mild disease may be underestimated 22, 23 . Similarly, the CV comorbidities were found to be equally prevalent in early and established PsA with no influence of disease duration 27 . Severe PsO as well as severe PsA could thus be considered independent CV risk factors 28, 29 .
While an increased incidence of non-melanoma skin cancer and other types of cancers including lung cancer has also been reported by a few studies in patients with PsO 30,31 , another study showed no difference in the risk of malignancy between patients with PsA and a control population 32 . An increased incidence of malignancies was recently suggested in our cohort of patients with SpA treated with anti-tumor necrosis factor (TNF) medications 33 . This suggests that the risk factors and comorbidities associated with psoriatic disease may be influenced by distinct factors including disease severity, treatment, and treatment response, and may differ for patients with only PsO and those with PsA.
Nevertheless, datasets about comorbidities in patients with PsA remain scarce and most available studies did not fully assess the potential influence of essential covariates such as age, sex, type of medications, disease duration, severity, education status, and work status that could have an effect on the development of these comorbidities. In addition, such data are rarely compared between related diseases within similar populations. We therefore documented and analyzed comorbidities in a cohort of patients with PsA from a single tertiary referral center and compared these incidences with those found in patients with other types of SpA in the same referral and management setting.
MATERIALS AND METHODS
Study population. Study participants were taken from the Leuven Spondyloarthritis Registry (SPAR), a prospective cohort study performed at the Division of Rheumatology of University Hospitals Leuven. This registry contains data on all patients with SpA including patients with PsA (from yrs 2000-2012) in clinical followup and able and willing to give informed consent. Patients enrolled in the database were diagnosed clinically as having SpA and were further subclassified into AS, PsA, IBD-associated arthritis, reactive arthritis, late-onset juvenile chronic arthritis, undifferentiated SpA, SAPHO (synovitis, acne, pustulosis, hyperostosis, and osteitis) syndrome, and idiopathic acute anterior uveitis. For reference, the European Spondylarthropathy Study Group SpA criteria 34 , the modified New York Criteria for AS 35 , and the CASPAR (ClASsification for Psoriatic ARthritis) criteria 36 for PsA were used. All patients with SpA presenting to the clinic who gave informed consent were included in our study, irrespective of their disease duration and severity. The patients who were not receiving TNF inhibition were followed up on a yearly basis, while the patients treated with TNF inhibitors were followed up every 2 months for the first year of the therapy and then every 3 months from the second year onward. Upon each visit to the outpatient clinic, detailed patient history and clinical and laboratory data were recorded. The database further contains demographic, drug treatment, and laboratory and radiological data. Ethical approval for the data collection was obtained from the Ethical Committee for Clinical Research at University Hospitals Leuven.
Comorbidity data collection. Comorbidities were recorded at baseline and prospectively by detailed patient history/medical records, clinical examination, medication history (e.g., use of lipid-lowering drugs or antihypertensives, etc.), and standardized laboratory tests. Comorbidities recorded in the patients and registered in the database include HTN, diabetes mellitus (DM) types I and II, CVD, arrhythmias, valve defects, depression, hyperlipidemia, hyperuricemia, gout, malignancy, stroke, chronic obstructive pulmonary disease, and multiple sclerosis. The CV comorbidity group included HTN, coronary artery disease (CAD), arrhythmias, valve defects, and other CVD whereas the metabolic comorbidity group included diabetes Types I and II, hyperlipidemia, hyperuricemia, and gout. The date and year of diagnosis for a comorbidity were also registered in the database. American Heart Association/National Heart, Lung, and Blood Institute metabolic syndrome criteria summarized below were used to further label the patients as metabolic syndrome-positive or -negative. Presence of 3 out of 5 risk factors constituted a diagnosis of metabolic syndrome 37 .
• Blood pressure ≥ 130/85 mmHg • Fasting blood sugar ≥ 100 mg/dl • Large waist circumference: men 40 inches (101.6 cm) or more, and women 35 inches (88.9 cm) or more • Low high-density lipoprotein cholesterol: men under 40 mg/dl, and women under 50 mg/dl • Triglycerides ≥ 150 mg/dl We did not have the absolute fasting blood sugar values for the patients, so we used the established diagnosis of type II DM (from the patients' history and medical records) as a surrogate marker for this risk factor. Data analysis. The data were analyzed after the database lock in December 2012. The basic demographic data (age, sex, disease duration, education, and work status) were analyzed using standard descriptive statistical methods, and patients were grouped into PsA and non-PsA SpA depending on their diagnosis. The data updated and recorded on the last visit were used for the analysis in all patients. Each group was separately analyzed on the basis of sex, age, education, work status, treatment, and type and number of comorbidities, and later compared with each other. Mean Psoriasis Area Severity Index (PASI) score was also calculated for patients with PsA to assess their current PsO status. Included patients were receiving treatment for their joint disease, skin disease, and coexisting comorbidities. Any difference in the prevalence of individual comorbidities based on their diagnosis, work status, disease duration, and education status was analyzed. Prevalence of each comorbidity was calculated in PsA and non-PsA SpA 
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The Journal on March 13, 2020 -Published by www.jrheum.org Downloaded from groups, and any influence of the type of medication on these comorbidities was assessed. The data were first statistically analyzed using the chi-square test (Fisher's exact test where applicable) and Student t test at 0.05 level of significance and p values noted. The comorbidity groups with fewer than 5 individuals in any of the patient groups were excluded from further analysis. The 2 groups were then corrected for age, sex, disease duration, and type of medications, and analyzed using logistic regression model to rule out any influence of these confounding factors on the results. The cutoff set for the inclusion in the regression model was p ≤ 0.1, so only the comorbidities that showed a p value of ≤ 0.1 in the initial analysis were included in the logistic regression model for further analysis. Bonferroni correction was applied to address the issue of multiple testing in regression analysis. OR and 95% CI were calculated and the p values noted. Influence of sex on the prevalence of these individual comorbidities in both the groups was also assessed in this logistic regression model. All the comorbidity data were analyzed using logistic regression analysis at corrected significance level 0.007. Statistical analysis was performed using SPSS version 20. Table 1 ). Other demographic characteristics of the 2 groups are also shown in Table 1 . Sex distribution was not different between the 2 disease groups. Whereas the work status among the 2 groups showed a significant difference, with more working persons in the non-PsA SpA group (p = 0.01), no difference was observed in overall education status of the 2 groups except for a difference in the number of patients with primary education only. A more detailed analysis of the work status in the 2 groups revealed an older population in the PsA group, with 40.76% retired persons ( Table 1 ). The patients with PsA had a mean PASI score of 1.77 ± 5.05 SD. Influence of diagnosis on comorbidities. Taking into account all patients, 53.66% of those included in the database had comorbidities. The PsA group had significantly more comor-bidities compared with the non-PsA SpA group (p < 0.001; Table 2 ). The presence of more comorbidities in the PsA group compared with the non-PsA SpA group was also confirmed by the logistic regression analysis of the data with correction for confounding factors (age, sex, disease duration, type of medication; OR 1.70, 95% CI 1.13-2.56, p = 0.001). In addition, 29.77% of all the patients in the PsA group were found to have multiple comorbidities, either from the same or from different comorbidity groups compared with 16.40% of the non-PsA SpA group (p < 0.001; Table 2 ). Table 3 . Among all the comorbidities, the largest group were CVD in both patients with PsA and non-PsA SpA. The CVD burden was significantly higher in the PsA group compared with the non-PsA SpA group (p < 0.001). Similarly, we also found an increase in the prevalence of overall metabolic diseases in the PsA group (p < 0.001). Among all the individual CV and metabolic comorbidities, HTN, CAD, and hyperlipidemia showed a marked difference between the 2 groups (p < 0.001, p = 0.02, and p < 0.001, respectively; Table 3 ).
RESULTS

Characteristics
Types of comorbidities in patients with
Significantly more patients in the PsA group (9.92%) met the criteria for metabolic syndrome 36 compared with those in the non-PsA SpA group (4.68%, p = 0.03; Table 3 ). The difference between the 2 groups remained significant when using a logistic regression model with correction for confounding factors (age, sex, disease duration, and medication; OR 1.58, 95% CI 1.32-1.88, p < 0.001). This regression model not only showed an increased prevalence of HTN, CAD, and hyperlipidemia in the patients with PsA (OR 1.81, 1.39, and 1.60, respectively, p < 0.001), but also showed a significant difference in the prevalence of diabetes after controlling for all the confounding factors (OR 1.35, 95% CI 1.17-1.56, p < 0.001; Table 4 ). Different components of the metabolic syndrome (i.e., waist circumference and triglyceride level) were also significantly different between the 2 groups. Mean values of the different components of metabolic syndrome are shown in Table 5 . Similarly, an increased incidence of malignancy was found in the PsA group compared with non-PsA SpA using chi-square statistics (p = 0.02), which also remained significant using a logistic regression model (OR 1.27, 95% CI 1.10-1.46, p = 0.001; Table 4 ).
Influence of therapy. We further analyzed the groups to see whether there were differences on the basis of treatment [use of TNF blockers or disease-modifying antirheumatic drugs (DMARD)] in patients among the comorbidity and noncomorbidity groups of PsA and non-PsA SpA. Among all the patients with comorbidities, 51.38% of patients were receiving TNF blockers whereas 48.61% were receiving DMARD. TNF blockers were administered equally in patients with and without comorbidities in both the PsA and non-PsA SpA groups (p > 0.05; Table 6 ). Therefore, we did not find any difference in the prevalence of comorbidities among the 2 groups based on their treatment. Influence of sex on the distribution of comorbidities. A higher probability of diabetes Type II, gout, hyperuricemia, stroke, and CAD was found in men, while malignancy, depression, and HTN were found to be more common in women (p < 0.001) in both the PsA and non-PsA SpA groups. Work status and level of education in the 2 groups were not related to the presence or absence of comorbidities.
DISCUSSION
To our knowledge, ours is the first cross-sectional study about PsA and its association with comorbidities in the Belgian population compared with a non-PsA SpA population. Although earlier work in PsO and PsA cohorts identified the importance of such comorbidity, our data provide novel information on the burden of psoriatic disease compared with patients having a closely related chronic skeletal disorder. The comorbidity and other patient data have been collected in the same manner under similar circumstances in a tertiary academic center and local community hospital to reduce the possibility of bias and were supported by clinical examinations and investigations.
The results of our study identify a high prevalence of CV comorbidities, in particular HTN and CAD, among the patients with PsA compared with non-PsA SpA. Similarly, an increased prevalence of metabolic diseases was also seen, with hyperlipidemia being the most prevalent. These results confirmed the previous observations from various parts of the world showing an increased prevalence of CV and metabolic comorbidities in PsA 15, 21, 24, 38 . Our observations on malignancies appear to conflict with most of the earlier data 31, 32 . Importantly, the increased prevalence of malignancy in the PsA group (12.19% ) was documented compared with the non-PsA SpA group (6.14%). These malignancies did not only include skin malignancies, but also breast, prostate, bladder, lung, and gastrointestinal cancer. For now, we can only hypothesize about the reasons for this difference. Patients with psoriatic disease usually have an increased risk for skin cancer that is linked to increased sun exposure, which is often beneficial for their skin symptoms, or to UV light-based therapies. The increased frequency of other cancers could be influenced by genetic or lifestyle risk factors, including obesity, smoking, and alcohol use. The increased incidence of prostate and breast cancer in the PsA group is of particular interest. Our data could indicate the existence of shared risk factors between these cancers and PsA. Nevertheless, the relatively small sample in this exploratory study carries the intrinsic risk of attaching too much importance to this type of data. Therefore, we prefer not to further discuss the occurrence of breast and prostate cancers in our study, to avoid speculation that cannot be supported by our current dataset. Our data could indicate the existence of shared risk factors between these cancers and PsA. At present we can only state a possible positive association between those diseases, indicating that this observation needs to be studied in further detail.
We also tried to see whether the difference between the 2 disease groups is influenced by the age, sex, duration of disease, type of medications (anti-TNF or DMARD), education, or work status. There was no difference found based on these factors among the 2 groups and neither was there any influence of these factors on the previous results. Supporting many studies in the literature, we also found a difference in the prevalence of diabetes Type II among the 2 groups compared in this setting 38, 39, 40 . An increased prevalence of DM type II was seen in a female population of the patients with PsA compared with controls in a population-based, cross-sectional study in Israel, whereas in our study population DM type II was found to be more prevalent in men than women after controlling for confounding factors such as age, medication, and disease duration 39 . Differences in patient groups and limitations of the sample size may explain some of these observations.
In our study, we also found more patients (47.56%) in the PsA group with multiple comorbidities compared with the non-PsA SpA group, a finding that has not been reported in previous studies. This finding is of interest and further studies may be required to confirm it. The trend for having metabolic syndrome was also higher in the PsA group, which has been found in many previous studies 15, 21, 22 . The study by Haroon, et al showed a much higher prevalence of metabolic syndrome in their patients with PsA compared with our study (44% vs 9.92%, respectively) 22 . The 2 populations and the data available are not directly comparable and there can be several possible explanations for these varying results, including differences in the genetic background, socioeconomic conditions, and healthcare system between the 2 populations. This increase in the prevalence of metabolic syndrome likely confers a higher risk of developing CVD in these patients and may be one of the reasons for a higher prevalence of the CV comorbidities in the PsA group 41 .
There can be many explanations for the increase in comorbidity burden in patients with PsA. Obesity, diabetes, and CVD are the phenotypic expression of disturbances in the metabolic pathways. The chronic inflammatory process in PsA and PsO may underlie these metabolic changes and can be a possible pathogenic factor for these comorbidities, although it is unclear whether the metabolic disturbances are similar in PsO, PsA, and non-PsA SpA. There is growing evidence that these metabolic alterations in PsA are involved in raising the incidence of HTN, hyperlipidemia, and type II diabetes in these patients when compared with patients with PsO, leading to an increased early mortality 15, 37, 39 . So targeting this chronic inflammation by TNF-α blockade or methotrexate not only reduces the incidence of CV events in PsO and PsA, but also lessens work disability and improves quality of life in these patients 17, 37, 42, 43, 44 .
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Personal non-commercial use only. The Journal of Rheumatology Copyright © 2016. All rights reserved. Another possible explanation for the increased comorbidities in patients with PsA can be a genetic pathway shared between PsA and these comorbidities. A number of genes and loci common for 4 autoimmune diseases (celiac disease, type 1 diabetes, Grave disease, and rheumatoid arthritis) are also found in PsO and PsA on chromosome 4q27, harboring the interleukin (IL)-2 and IL-21 genes as well as COG6. The latter is involved in intracellular transport and glycoprotein modification of ADAM proteases 45, 46 . Adam33 has been suggested as a PsO-susceptibility gene 46, 47 . CDKAL1, a gene associated with type 2 diabetes, also shows a strong association in PsO, but the function of this gene is unknown 48, 49 . Further research to study these metabolic and genetic pathways may be necessary to know in detail the underlying causes of this association of CV and metabolic comorbidities, as well as malignancy with PsA.
There is a significant increase in CV and metabolic comorbidities, including malignancy, in patients with PsA compared with non-PsA SpA, irrespective of demographic factors, disease duration, and type of treatment. Conventional confounders such as age, sex, disease duration, and therapy could not explain the difference. The cause for this increase is not known, but might be specifically disease-related and further research is necessary to understand the epidemiological and molecular causes.
